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(57) ABSTRACT

The invention concerns an electrical module for adapting a
first signal of a first system to a second signal of a second
system, including:

an input arranged so that a power source can be connected
thereto, said power source delivering a first signal, said
first signal being a direct signal,

a converter module arranged to convert the supply voltage
into an intermediate rectified signal formed of a direct
component and a sinusoidal component;

an inverter module arranged to output a signal compatible
with a second signal of a second system.

7 Claims, 3 Drawing Sheets
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1
MICRO-INVERTER WITH IMPROVED
CONTROL

This application claims priority from European patent
application No. 12187121.4 filed Oct. 3, 2012, the entire
disclosure of which is incorporated by reference.

The invention concerns an electrical module for adapting a
first signal of a first system to a second signal of a second
system including:

an input arranged so that a power source can be connected
thereto, said power source delivering a first signal, said
first signal being a direct signal,

a converter module arranged to convert the supply voltage
into an intermediate signal formed ofa direct component
and a rectified sinusoidal component;

an inverter module arranged to output a signal compatible
with a second signal of a second system.

BACKGROUND OF THE INVENTION

There are known electrical systems whose purpose is to
render a signal compatible with an electrical power grid. One
example of these electrical systems includes an electrical
power supply delivering a direct signal, the output of said
supply is connected to a converter module delivering a direct
signal. This signal is sent to an inverter module which will
convert the signal into a power grid compatible signal, in this
case a sinusoidal signal.

In current systems, the value of this direct signal is defined
to enable it to deliver the voltage value of the output signal.
For example, for a power grid operating at an RMS voltage of
230 VAC, the maximum voltage will be 325 volts, i.e. the
RMS voltage multiplied by V2.

One drawback of this system is that it causes significant
switching losses. Indeed, the conversion of the outgoing con-
verter module signal by the inverter module occurs at time
intervals. This means that the sinusoidal output signal is con-
structed gradually in little parts, each little part being a por-
tion of the final signal. Each little part of the final sinusoidal
signal represents a surface A1, the sum of these surfaces Al
forming the sinusoidal signal which goes over the power grid.
Consequently, the inverter module will switch when the direct
signal is converted into a sinusoidal signal. The switch lasts
for a set period of time, which is defined such that the surface
R1 of the direct component is identical to surface Al as seen
in FIG. 3. Consequently, when surface Al is very small, the
switching time of the inverter module must be very short.
Therefore, switching of a high voltage causes significant
switching losses to appear.

SUMMARY OF THE INVENTION

It is an object of the invention to overcome the drawbacks
of the prior art by proposing to provide an electronic system
that adapts a first signal to a second signal causing the fewest
possible losses.

The invention therefore concerns an electrical module for
adapting a first signal of a first system to a second signal of a
second system including:

an input arranged so that a power source can be connected
thereto, said power source delivering a first signal, said
first signal being a direct signal,

a converter module arranged to convert the supply voltage
into an intermediate signal formed ofa direct component
and a rectified sinusoidal component;

an inverter module arranged to output a signal compatible
with a second signal of a second system,
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characterized in that said inverter module is arranged to use
the intermediate signal and convert it into a sinusoidal
signal compatible with a second signal of said second
system.

In a first advantageous embodiment, said inverter module

includes an H bridge.

In a second advantageous embodiment, it further includes
a microcontroller for controlling said converter module.

In another advantageous embodiment, the converter mod-
ule includes at least one regulator unit comprising a trans-
former which is connected in series with a switching means,
said switching means being controlled by said microcontrol-
ler.

In another advantageous embodiment, said converter mod-
ule includes at least two regulator units which are connected
in parallel via their outputs, in parallel or in series or in a
combination of series and parallel connections via their
inputs, wherein the inputs of the units are floating and the
regulator units are controlled by pulse-width modulation.

The invention also concerns an operating method of an
electrical module for adapting a first signal of a first system to
a second signal of a second system, said module comprising:

an input arranged so that a power source can be connected
thereto, said power source delivering a first signal, said
first signal being a direct signal,

a converter module arranged to convert the supply voltage
into an intermediate signal formed of a direct component
and a rectified sinusoidal component;

an inverter module arranged to output a signal compatible
with a second signal of'a second system, characterized in
that the method includes the following steps:

delivering the first signal to the input of said electrical
module;

converting, via the converter module, the first signal into an
intermediate signal comprising a direct component and a
rectified sinusoidal component;

converting the intermediate signal into a signal compatible
with the second signal of the second system.

In another advantageous embodiment, the sinusoidal com-

ponent of the intermediate signal and the second signal have
the same frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, advantages and features of the electronic mod-
ule and the method according to the present invention will
appear more clearly in the following detailed description of at
least one embodiment of the invention, given solely by way of
non-limiting example and illustrated by the annexed draw-
ings, in which:

FIG.11is a schematic view of the electronic module accord-
ing to the invention.

FIGS. 2 to 6 each show schematic views of a variant of the
invention.

FIGS. 3 to 5 show schematic voltage diagrams of the elec-
tronic module according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows an electronic system 100 according to the
invention. The electronic system is an electrical module 100
for adapting a first signal S, of a first system to a second signal
S, of a second system. The first system may be an electrical
power supply 101 delivering a direct voltage. For example,
this electrical power supply 101 may be one or more solar
panels or one or more wind turbines or one or more batteries
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or other elements. The second system is, for example, the
domestic electrical power grid, i.e. a sinusoidal voltage.

The direct output voltage of the power supply enters a
converter module 102. The converter module includes at least
one regulator unit 105. In a variant visible in FIG. 2, the
converter module may be provided with several regulator
units 106, 107 and 108 connected in parallel via their outputs,
in parallel or in series or in a combination of parallel and
series connections via their inputs, and the inputs of the units
are floating.

The regulator unit includes a transformer T1 in series with
switching means C1. Regulator unit 105 further includes a
current measuring means 1 series connected to switching
means C1. Transformer T1, switching means C1 and current
measuring means 11 are connected in parallel with a first
uncoupling means connected in parallel with power supply
101 and not shown. Regulator unit 105 also includes a recti-
fier R1 connected to the output of transformer T1 to deliver an
intermediate signal. It is thus clear that regulator unit 105
includes its own rectifier. Converter module 102 further
includes a microcontroller 111. Microcontroller 111 is used
to control the regulator unit.

If the converter module has regulator units 105, 106, 107
and 108 connected in parallel or in series or in a combination
of parallel and series connections, microcontroller 111 con-
trols each regulator unit 105, 106, 107 and 108 using pulse-
width modulation. In that case, microcontroller 111 uses a
single control for all of the regulator units. If there are several
electrical power supplies 101 in parallel or in series, the
regulator unit control may be distinct for each regulator unit
or one control for all of the regulator units as seen in FIG. 6.

In another variant of the present invention, it is possible to
envisage the control of regulator units 105, 106, 107 and 108
being phase shifted. Indeed, control using signal phase shift-
ing means that one regulator unit is activated in each time
period. This means that each regulator unit is activated once
every four periods.

This variant provides for the regulator units to be activated
in the same period but phase shifted. This therefore means
that during each period, all of the regulator units 105,106, 107
and 108 are activated so that only one regulator unit 105, 106,
107 and 108 is active at any given moment.

In the present case, the phase shift is a quarter of a period
namely T/4 so that at instant t=0, the first regulator unit 105 is
activated, with a pulse width ranging from 0 to T/4. Att=T/4,
the second regulator unit 106 is activated. At t=1/2, the third
regulator unit 107 is activated and at t=31/4, the fourth regu-
lator unit 108 is activated.

This manner of controlling the regulator units enables the
operating frequency to be virtually increased. Indeed, instead
of one actuation of regulator units 105, 106, 107 and 108 per
period, there are four actuations per period. More specifically,
it is the uncoupling means which sees an increase in the
actuation frequency of regulator units 105, 106, 107 and 108.

The impedance of the capacitors is frequency dependent.
Consequently, if the frequency increases, it is possible to
reduce the capacitor value while maintaining the same imped-
ance. Further, since the size and cost of a capacitor are linked
to its farad value, a decrease in said value results in a decrease
in the size and price of the capacitors of the uncoupling means
without decreasing the efficiency of the uncoupling means.

Intermediate signal Sint is sent to an inverter module 103.
Inverter module 103 includes an H bridge circuit 104. This
type of circuit takes the form of a plurality of switches
arranged in an H shape. It is thus clear that said H bridge has
two parallel branches each formed of two series-connected
switches. H bridge 104 powers a charge which is located
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between the central branch connecting the two parallel
branches; this central branch is connected to each branch at
the point of connection between the two switches.

Thebridge can be operated so that the polarity of the charge
voltage is varied cyclically, making it into an inverter; micro-
controller 111 being arranged to send control signals to the
switches of H bridge 104. This H bridge 104 is used as an
inverter to convert the intermediate signal Sint connected to
its input into a power grid compatible signal.

Advantageously according to the invention, the intermedi-
ate signal Sint is a rectified sinusoidal signal and is used to
form the power grid-compatible output signal. This interme-
diate signal includes a direct component S, i.e. a direct signal
of'predefined amplitude and a rectified sinusoidal component
S, This intermediate signal Sint takes the form of a half sine
or rectified sine signal, i.e. the sinusoidal portions are all
positive. In other words, this intermediate signal is formed of
a direct component and a rectified sine.

This configuration has the advantage of reducing switching
losses. Indeed, as seen in FIG. 4, the shape of intermediate
signal Sint is close to the shape of the electronic system output
signal and differs from the electronic system output signal in
its amplitude and rectified shape. Consequently, when inter-
mediate signal Sint is converted into a power grid compatible
signal, the switching time is increased. To achieve this, inter-
mediate signal Sint will be generated by said converter mod-
ule 102 so that it can have an identical frequency to the output
frequency. For example, for the Swiss or French electrical
power grid, the frequency is 50 Hz and the converter module
therefore has to generate an intermediate signal whose sinu-
soidal component has a frequency of 50 Hz. However, due to
the intrinsic shape of the intermediate signal, it will have a
dual frequency relative to the power grid signal.

Indeed, it has previously been explained that, to create a
partial element of the output signal having a duration t2,
converter module 103 must, within time period 12, switch the
incoming signal, i.e. intermediate signal Sint, for a moment
which is calculated so that the surface R2 of the switched
intermediate signal is equal to the surface A2 of the partial
element of the output signal. Surface is generally a function of
height and width. This means that if the height is decreased,
the width must increase to obtain a constant surface, and vice
versa.

In the case of the present invention, the configuration
wherein the shape of intermediate signal Sint is close to the
output signal means that there is a small amplitude deviation
between the amplitude of intermediate signal Sint and the
amplitude of output signal S_,,. Conversely, if a direct signal
with constant direct amplitude is used, the deviation from the
output signal amplitude is variable and may be very high.

Hence, to obtain a surface A3 having a duration T ¢ for the
output signal seen in FIG. 5, intermediate signal Sint must be
switched for a time period Ty, in order to obtain a surface Q3
equivalent to surface A3, whereas to achieve the same objec-
tive in the prior art, a direct signal must be switched for a time
period Ty, to obtain a surface R3. It is observed therefore that
the duration of time period T, is greater than the duration of
time period Tg;.

Consequently, the fact of using intermediate signal Sint to
form the output signal provides an inverter module 103 which
switches lower voltage levels thereby considerably reducing
switching losses. The operation of electronic system 100 is
consequently optimised. Further, since lower voltage levels
are switched, the current also has a lower ripple. The current
which is delivered by H bridge 104 and injected into the
power grid is thus of better quality.
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It will be clear that various alterations and/or improve-
ments and/or combinations evident to those skilled in the art
may be made to the various embodiments of the invention set
out above without departing from the scope of the invention
defined by the annexed claims.

What is claimed is:

1. An electrical module for adapting a first signal (S,) of a
first system to a second signal (S,,,) of a second system
comprising:

an input arranged so that a power source can be connected
thereto, said power source delivering the first signal, said
first signal being a direct signal;

a converter module arranged to convert a supply voltage
into an intermediate signal (Sint) formed of a direct
component and a rectified sinusoidal component; and

an inverter module arranged to output a signal compatible
with the second signal of the second system, wherein
said inverter module is configured to use the intermedi-
ate signal and to convert said intermediate signal into a
sinusoidal signal compatible with the second signal of
said second system.

2. The electronic module according to claim 1, wherein

said inverter module includes an H bridge.

3. Electronic module according to claim 1, wherein the
module further includes a microcontroller for controlling said
converter module.

4. Electronic module according to claim 3, wherein the
converter module includes at least one regulator unit com-
prising a transformer which is connected in series with a
switching means, said switching means being controlled by
said microcontroller.
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5. Electronic module according to claim 4, wherein said
converter module includes at least two regulator units con-
nected in parallel via their outputs, in parallel or in series or in
a combination of parallel and series connections via their
outputs, wherein the inputs of the units are floating, the regu-
lator units being controlled using pulse-width modulation.

6. Operating method of an electrical module for adapting a
first signal (S,) of a first system to a second signal (S_,,) ofa
second system, said module including:

an input arranged so that a power source can be connected
thereto, said power source delivering a first signal, said
first signal being a direct signal;

a converter module arranged to convert a supply voltage
into an intermediate rectified signal (S,,,,) formed of a
direct component and a sinusoidal component;

an inverter module arranged to output a signal compatible
with the second signal ofthe second system, wherein the
method comprises the following steps:

delivering the first signal to the input of said electrical
module;

converting, via the converter module, the first signal into an
intermediate signal comprising a direct component and a
sinusoidal component; and

converting the intermediate signal into a signal compatible
with the second signal of the second system.

7. Operating method according to claim 6, wherein the

sinusoidal component of the intermediate signal and the sec-
ond signal have a same frequency.
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